Purpose: To investigate the magnitude of change in outcomes after repeated exposure to evidence-based practice (EBP) training in entry-level health professional students. Method: Using an observational cross-sectional analytic design, the study tracked 78 students in physiotherapy, podiatry, health science, medical radiations, and human movement before and after two sequential EBP courses. The first EBP course was aimed at developing foundational knowledge of and skills in the five steps of EBP; the second was designed to teach students to apply these steps. Two EBP instruments were used to collect objective (actual knowledge) and self-reported (terminology, confidence, practice, relevance, sympathy) data. Participants completed both instruments before and after each course. Results: Effect sizes were larger after the first course than after the second for relevance (0.72 and 0.26, respectively), practice (1.23 and 0.43), terminology (2.73 and 0.84), and actual knowledge (1.92 and 1.45); effect sizes were larger after the second course for sympathy (0.03 and 0.14) and confidence (0.81 and 1.12). Conclusions: Knowledge and relevance changed most meaningfully (i.e., showed the largest effect size) for participants with minimal prior exposure to training. Changes in participants' confidence and attitudes may require a longer time frame and repeated training exposure.
Health practitioners need to understand, recognize, and apply evidence-based practice (EBP) to provide optimal health care and therefore must have the skills to seek, appraise, and integrate new knowledge throughout their careers. 1 If clinicians are to possess these skills and become proficient at applying EBP in the health care setting, current graduates must be equipped with EBP knowledge and skills (the five-step EBP model) during their entry-level training. 1, 2 Although many studies have established improved student outcomes after EBP training, few studies have reported the magnitude of these improvements. 3 Of particular interest is the effect size, which considers the effectiveness of an intervention rather than whether the change was statistically significant and allows for comparison of findings across studies that use different scales. 4 Previous studies investigating the effectiveness of EBP training have reported statistical significance, which is the likelihood that the difference could be an accident of sampling. The main problem with this approach is that the p value depends on both the size of the effect and the size of the sample; it is therefore possible to get a statistically significant result if the sample was very large, even if the actual effect size was very small. Although it is important to know the statistical significance of a result, statistical significance gives no information on the size of the effect. One way to overcome this confusion is to report the effect size and a corresponding estimate of its confidence interval. 4 A recent systematic review 3 of studies investigating the impact of EBP training in entry-level (undergraduate) students found that only two studies reported effect sizes, 5, 6 and a further six studies reported sufficient data (mean, sample size, and standard deviation or standard error) to allow the effect size to be calculated from their results. [7] [8] [9] [10] [11] [12] The systematic review found that across the EBP outcomes (knowledge, attitudes, behaviours, skills, and confidence), there was little commonality in terms of effect sizes, which could be explained by differences in the educational content and contexts, modes of delivery, settings, participants, disciplines, instructors, and assessment tools used in the included studies. 3, 13 Undergraduate health professional training commonly begins with foundation courses (e.g., anatomy and physiology) in students' formative years, which provide a sound theoretical framework to build on in more advanced and clinically based courses in their final years. It is reasonable to assume that this iterative building of knowledge and skill also applies to entry-level EBP training, in which students' initial training focuses on learning foundational knowledge and skills and subsequent courses present more complex theory, application, and clinical integration. We were able to identify only one previous study that investigated EBP outcomes across two successive training courses, and because of its small sample size, effect sizes were calculated over each participant's widest exposure to training rather than before and after each course. 6 Understanding the pattern of change in outcomes over multiple EBP training courses could be integral to coordinating effective educational curricula. The aim of our study, therefore, was to explore the pattern of change in self-reported and actual EBP outcomes after one or two EBP courses among entrylevel students and to consider the size of the change.
METHODS

Study design
Our study used an observational, cross-sectional (analytic) design, tracking the same cohort of health professional students before and after exposure to two EBP training courses. Ethical approval for the study was granted by the University of South Australia Human Research Ethics Committee (protocol number 0000021077). All participants provided written informed consent, and the study conforms to the Human and Animal Rights requirements of the February 2006 International Committee of Medical Journal Editors' Uniform Requirements for Manuscripts Submitted to Biomedical Journals.
Participants
A total of 280 entry-level health professional students from the physiotherapy, podiatry, health science, medical radiations, and human movement programmes at the University of South Australia were invited to participate.
Sampling and sample size
Because our goal was to evaluate the effects of exposure to two successive EBP courses, Evidence-Based Practice 1 (EBP1) and Evidence-Based Practice 2 (EBP2; see ''EBP Interventions'' section), our potential sample size was limited to those students enrolled in these courses at the time of the study (EBP1 in 2010, EBP2 in 2011). The maximum possible number of participants, therefore, was 280: 125 students in the physiotherapy programme, 32 in podiatry, 23 in health science, 81 in medical radiations, and 19 in human movement. To detect a medium effect size with 80% power with an a level of 0.05 (adjusted for multiple dependent variables), we would need a minimum sample size of 33 participants over four test occasions.
Evidence-based practice interventions
The interventions in this study were two EBP theory courses delivered to entry-level health professional students at the University of South Australia. For details on the EBP courses, see Box 1. The first course, EBP1, was a prerequisite for enrolment in the second course, EBP2. Both were 4.5-unit courses in degree programmes in which 1 unit is equivalent to 40 hours of student effort.
EBP1 was compulsory for all 1st-year physiotherapy, podiatry, health science, and medical radiations students and an elective offered to all 1st-and 2nd-year human movement students. This course aimed to develop foundation knowledge and skills in EBP, with emphasis on three of the five EBP steps outlined in the Sicily Statement. 1 Learning objectives included being able to describe and critique EBP philosophy; to discuss the key principles of quantitative and qualitative research approaches and concepts of research evidence hierarchies to frame a research question and to access and search library databases and other resources; and to reflect on the processes associated with this approach.
EBP2 was mandatory for all 2nd-year students in health-related entry-level programmes (physiotherapy, podiatry, and health science) and 3rd-year medical radiations students and was offered as an elective for 3rd-year human movement students. This course aimed to reinforce content from EBP1 with additional training in appraising methodological bias, as well as teaching students how to apply each of the five EBP steps. Learning outcomes included the ability to recognize different types of research questions; develop an evidence-based question to guide a systematic search; construct search strategies; recognize different study methodologies; identify potential threats to internal validity; and perform, interpret, and summarize the processes used for critical appraisal of the literature.
Data collection
Four test occasions were scheduled; pre-EBP1 (Time [T] 1) and post-EBP1 (T2) in 2010 and pre-EBP2 (T3) and post-EBP2 (T4) in 2011. Students were invited to complete two assessment tools during the first and last face-to-face classes for each course and were asked to write their university student identification numbers on the questionnaires to allow for longitudinal tracking of responses. Student identification numbers were removed and replaced with a code number for data entry, analysis, and reporting purposes.
Assessment tools
Two pre-existing instruments developed for the health professional disciplines were used: the K-REC instrument 14 and the EBP2 questionnaire 15 ( Table 1 ). The K-REC instrument aims to assess participants' actual knowledge of EBP by asking respondents a series of questions relating to a clinical scenario; responses are scored using a set marking template. The K-REC is based on the Fresno test for Evidence-Based Medicine 16 and was developed specifically for entry-level health professional students. 14 The EBP2 questionnaire consists of 58 Likert-type items that measure five self-reported EBP outcomes (relevance, sympathy, terminology, practice, and confidence). The questionnaire also includes 13 demographic items relating to age, gender, working position and discipline, work settings, and highest qualifications. These two EBP instruments cover all five of the EBP steps (Table 1 ) delivered as content in EBP1 and EBP2 (Box 1) and were therefore considered suitable to detect changes after these courses.
Data analysis
Data were analyzed using Predictive Analytics Software (PASW) Statistics 17.0 (SPSS Inc., Chicago, IL). Missing or illegible answers were recorded as missing data. Although the K-REC instrument has excellent interrater reliability and can feasibly be scored by more than one rater (Table 1) , 14 only one rater completed the scoring in the current study, using the K-REC marking guidelines. Because there is no precedent in the literature, we set an arbitrary minimum of 70% of items completed for inclusion in the data analysis. Items were given a score of zero if the participant gave no response or more than one response. In the EBP2 questionnaire, missing values were imputed if at least 75% of the non-demographic items had been completed. 6, 15, 17 The imputation process involved assigning missing values a value closest to the most similar completely answered EBP2 questionnaire. If more than 25% of the non-demographic items were missing, the questionnaire was excluded from the analysis.
Only data from participants who completed both instruments on all four test occasions were included in the analysis. We calculated descriptive statistics for the six primary outcomes: actual knowledge from the K-REC total score and self-reported relevance, sympathy, terminology, practice, and confidence scores from the EBP2. To analyze data from all participants in the study across the four test occasions, we used random effects mixed modelling, with significance set at p < 0.05. To limit the risk of a type 1 error due to multiple comparisons, a sequential Bonferroni adjustment was undertaken. To examine differences between test occasions (T1 to T2 for EBP1 and T3 to T4 for EBP2) for the physiotherapy students only, we performed paired t-tests (two-tailed). 13 Â 2 h didactic lectures and discussions
Step 1: Ask Multiple-choice and short-answer test (15%)
Step 2: Access
Step 3: Appraise 2 tutorial presentations (2 Â 5%)
11 Â 1 h tutorials
Step 4: Apply 2 A4 summaries of presentation material (2 Â 12.5%) 1 h computer workshop
Step 5: Assess Written exam (50%) We then calculated effect sizes with 95% CIs for each of the six outcomes to assess the magnitude of change in outcomes pre-post EBP1 (T1 to T2) and pre-post EBP2 (T3 to T4). Effect sizes were classified as negligible (b À0.15 to < 0.15), small (b0.15 to < 0.40), medium (b0.40 to < 0.75), large (b0.75 to < 1.10), very large (b1.10 to < 1.45), or huge (b1.45). 18 
RESULTS
Data were collected before and after EBP1 in 2010 and before and after EBP2 in 2011. There were 430 students enrolled in EBP1 and 280 in EBP2; therefore, the maximum number of potential participants was 280 (total number of students enrolled in both courses at the time of the study). The number of participants who returned questionnaires on each of the four test occasions and the questionnaire response rate are shown in Table 2 . Students who did not return questionnaires chose not to participate on that test occasion.
Of the 280 potential participants, 94 (34%) completed questionnaires on all four test occasions; of these, 78 (83%)-46 students in physiotherapy, 22 in medical radiation, 5 in human movement, 4 in health science, and 1 in podiatry-provided complete data and were included in the final analysis. The majority of participants were female (n ¼ 60, 77%) and ranged from 18 to 36 years old, with a mean age of 19.6 (SD 3.0) years. Table 3 shows the pre-post change in each of the primary outcomes for both courses across the health professions (n ¼ 78). Effect sizes were greater after EBP1 than after EBP2 for four outcomes: relevance, practice, terminology, and actual knowledge; for the other two outcomes, sympathy and confidence, the effect size was greater after EBP2.
Changes in the primary outcomes for the physiotherapy participants only (n ¼ 46) are shown in Table 4 . Effect sizes were greater after EBP1 than after EBP2 for all outcomes except confidence, for which the change was greater after EBP2. Although the change in sympathy was not greater after EBP2, the decrease was minimal (from ES 0.05 to ES 0.00).
DISCUSSION
Our study sought to explore the magnitude of change in EBP learning outcomes among students after repeated exposure to EBP training. When the effect sizes are classified according to Thalheimer and Cook's 18 definitions, for the majority of outcomes the difference between first and second exposure was at least one category-for example, a shift from medium to small effect size (see Figure 1 ). The greatest change was in the outcomes of self-reported practice and terminology, which both dropped two categories from first to second exposure. In contrast, although the effect size decreased for actual knowledge (from 1.92 to 1.45), the category stayed the same (huge). It is important to note that although effect sizes diminished for the majority of EBP outcomes over the study period (see Figure 1) , percentages of possible maximum scores followed an upward trajectory (see Figure 2) , meaning students continued to show improvements in their raw scores across most EBP outcomes, albeit at a slower rate.
Our findings suggest that a greater change in EBP outcomes such as knowledge (actual knowledge and terminology) may occur at the beginning of a cumulative exposure. It is possible that participants' minimal previous exposure to EBP principles resulted in large improvements in outcomes in the first course, which then appear to have carried over, leading to smaller improvements from subsequent training. Several previous studies have reported that participants with low baseline levels of knowledge and skills make greater gains from EBP training. 6, 8 Aronoff and colleagues 8 investigated the impact of an online course on EBP knowledge and skills among 3rd-year medical students and reported that more than one-third of participants did not improve after the intervention. Interestingly, the pre-intervention scores of these students were significantly higher than those of the students who did improve, which suggests that fewer gains were made from the EBP training when students already had a higher level of EBP proficiency. This finding is consistent with a previous systematic review that found small changes in EBP outcomes among medical residents (previously exposed) and large changes among undergraduate medical students (relatively nonexposed) after EBP training. 19 Conversely, we saw greater improvement in students' sympathy toward and confidence in using EBP after longer cumulative exposure (see Figure 1) . There are two possible reasons for this: First, the content of EBP2, while reinforcing the theory taught in EBP1, was directed toward applying EBP to clinically relevant research questions, which students may perceive to be more meaningful; second, sympathy and confidence may take longer to develop than the improvements seen in some of the other EBP outcomes (e.g., terminology).
In this study, the improvements after training were greater than those reported in a recent systematic review for the outcomes of knowledge (actual knowledge and terminology) and relevance and equal or slightly lower in the outcomes of sympathy, practice, and confidence. 3 Only three previous studies identified in this review reported prior exposure to EBP training or principles, and two of these reported minimal prior exposure 6,12 and the third reported prior exposure to a research methods course. 11 The limited detail reported in these studies makes it difficult to determine the association between prior exposure and effect of training. There is a clear need to develop reporting guidelines to help researchers provide consistent details of educational interventions, thus allowing for meaningful comparison of studies. 13 One could make an argument for implementing only stand-alone foundation courses in EBP (similar to the EBP1 course), given the diminishing effect sizes seen for some outcomes after the subsequent course. However, although the effect sizes in our study were smaller after the second exposure for actual knowledge, terminology, practice, and relevance, the raw scores improved overall; that is, students' scores after completing EBP2 (T4) were higher than their scores after completing EBP1 (T2) for all study outcomes except practice, which decreased slightly (see Figure 2 ). For example, despite the decrease in effect size for actual knowledge in the second exposure relative to the first, participants continued to make consistent gains, as evidenced by the higher K-REC scores (pre-EBP1 mean ¼ 2. . It is also important to note that the two EBP courses in this study had different aims; the first course focused on introductory knowledge and skills and the second introduced critical appraisal and taught students how to apply evidence to clinical practice. The application of EBP is extremely important to include in health professional curricula. 20 Our finding that practice had a lower effect size from repeated training could be due to several factors, including other, often theoretical, courses in which students were concurrently enrolled (which limited their opportunities to practice EBP in the clinical environment) and difficulty in measuring actual application via a self-reported instrument such as the EBP2 questionnaire.
It is important for both researchers and educators to be aware that despite likely improvement in the raw scores of student learning outcomes, effect sizes are likely to be higher from the first exposure and reduced thereafter. Educational researchers should collect information on participants' prior exposure and report it together with findings on the effectiveness of educational interventions. Educators should also recognize the likely implications for learning outcomes with repeated training exposure and take into account the reported prior exposure (or lack thereof) in studies investigating EBP interventions before applying the findings to their own teaching context.
Although we observed a somewhat expected drop in scores for practice and confidence over the holiday break (T2 to T3; see Figure 2 ), the scores remained relatively stable for actual knowledge, terminology, relevance, and sympathy, which suggests that participants carried over knowledge of theoretical principles and an awareness of the importance and sense of compatibility with EBP from their first to their second exposure. Changes over holiday breaks are well recognized in secondary school education 21 but, to our knowledge, have not been reported in entry-level university courses.
Our study investigated the magnitude of change in EBP learning outcomes among health professional students after repeated exposure to EBP training. Future research should evaluate where EBP education might be best placed in health professional curricula and how EBP education could be specifically tailored to the different health professions.
LIMITATIONS
Our study has several limitations. First, our findings represent the EBP outcomes of only those students who chose to participate in this study. Investigating the effect size for outcomes after exposure to two training courses meant including data only from those participants who completed questionnaires on all four test occasions. Although this limited our sample, the final sample size of 78 participants meant that the study was more than adequately powered to detect a medium effect size. Although we were able to conduct separate analyses on the physiotherapy students in the sample (n ¼ 46), there were not enough entry-level health professional students in any of the other programmes to conduct meaningful sub-group analyses, and therefore we are unable to comment on any differences between the various participating health professions. Findings in the physiotherapy group, however, were similar to those found in the overall health professional group.
Second, because our study did not include a control group, we do not know whether the improvements in EBP outcomes might be due to the effects of time and other concurrent courses. However, the relatively stable scores for self-reported and actual knowledge seen over the holiday break suggest that the interventions did have an effect. The increase in actual knowledge scores after training could also be due to learning effects over each of the test occasions with the use of the same instrument; however, participants were not given feedback from the K-REC and at least 4 months elapsed between test occasions, limiting recall bias.
Third, it is possible that the smaller effect sizes seen in the majority of outcomes from the second course were due to a possible ceiling effect in the instruments. However, the overall upward trend we observed in the percentage of maximum scores (see Figure 2) seems to indicate that the instruments were sensitive enough to pick up changes in the outcomes even after two successive courses.
CONCLUSIONS
This study explored the magnitude and pattern of change in learning outcomes of entry-level students after repeated exposure to EBP training. The findings suggest that effect sizes are likely to be larger in outcomes such as knowledge and relevance for participants with minimal prior exposure to EBP concepts or research principles. Conversely, changes in participants' perception of their ability to use EBP (confidence) and sense of compatibility of EBP with professional work (sympathy) are likely to require a longer time frame, repeated exposures, and possibly integration of EBP training with the clinical environment. Prior exposure to EBP foundation knowledge and skills is likely to affect the magnitude of change in learning outcomes reflected in assessment tools. This issue needs to be considered by both researchers designing educational studies and educators considering applying the results of such studies in their own educational environments.
KEY MESSAGES
What is already known on this topic?
Although many studies have established improved student outcomes after evidence-based practice (EBP) training for entry-level health professional students, few studies have reported the magnitude of these improvements. We know that a single EBP training course improves student outcomes such as knowledge and skills, but we currently do not know the impact of repeated exposure to training on student outcomes, nor do we know the size of these changes. This may have important implications for curriculum development, evaluation, and modification in entry-level health professional programmes such as physiotherapy.
What this study adds
This study explored the pattern and size of change in EBP outcomes of entry-level students after two successive EBP training courses. To the best of our knowledge, this is the first study to use matched data to report on the impact of two successive EBP training courses on outcomes in a range of entry-level health professional students. We found that students' knowledge and sense of relevance of EBP changed most meaningfully for those with minimal prior exposure to training. Changes in confidence and attitudes toward EBP may require a longer timeframe and repeated training exposure.
